Objective: To establish cephalometric norms for the upper airway of 12-year-old Chinese children, and to assess these norms with regard to gender, age, ethnicity and other craniofacial structures.
Introduction
Increasing evidence has shown an association between craniofacial anomalies and/or soft-tissue hypertrophy and pediatric sleep-disordered breathing (SDB) [1] [2] [3] . SDB represents a spectrum of breathing disorders during sleep that encompasses a continuum of diagnoses ranging from partial upper airway obstruction (primary snoring and upper airway resistance syndrome) to complete upper airway obstruction (obstructive hypoventilation and obstructive sleep apnea syndrome [OSAS] ) [4] . In an updated clinical practice guideline on childhood OSAS from the American Academy of Pediatrics, SDB was defined simply as OSAS with additional snoring [5] . The prevalence of children with OSAS ranges from 1 to 5%, and the reported prevalence of habitual snoring varies widely from 1.5 to 27.6% [5] . If untreated, pediatric SDB may result in serious problems such as a failure to thrive, neurocognitive deficits, behavioral abnormalities and cardiovascular changes [6] . The common modalities of treatment for pediatric SDB include adenotonsillectomy, continuous positive airway pressure (CPAP), oral appliances and pharmacologic treatment [7] .
The soft-tissue morphology of the upper airway that may related to pediatric SDB includes narrowed pharyngeal airways, and larger adenoids, tonsils and soft palates [8] [9] [10] ; the related hard-tissue morphology includes an increased intermaxillary angle, a retrognathic mandible [11, 12] , an increased mandibular angle, a longer lower anterior facial height [13, 14] , narrow dental arches and deep palatal height [15, 16] , and an inferiorly positioned hyoid bone [17, 18] .
Both upper airway and craniofacial structures can be observed in the same lateral cephalograms, and lateral cephalometric radiography was therefore considered to be a useful screening tool to assess upper airway structures, and identify subjects at risk of SDB [19, 20] ; its validity has been tested using three-dimensional computed tomography (CT) and magnetic resonance imaging (MRI) [21, 22] .
To assess the upper airway structures of individual patients from lateral cephalograms, reference norms are required. However, there is limited data on cephalometric norms of upper airway. McNamara [23] provided reference values for the upper pharynx and lower pharynx of Caucasian adults, whereas Samman et al. [24] presented cephalometric norms for the upper airway of Chinese adults. Until now, no cephalometric norms for upper airway of Chinese children has been established. Consequently, the objective of this retrospective study was to obtain upper airway norms for Chinese children, and study the association between airway dimensions and craniofacial structures.
Materials and methods

Subjects
The materials used were lateral cephalograms obtained from 12-year-old children during an oral health survey performed in 1984-85 at the Department of Orthodontics and Paediatric Dentistry of the University of Hong Kong [25] . In the survey, approximately 600 Chinese school children were selected by a partially stratified random sampling from 10 schools in Hong Kong, and approximately 100 Caucasian school children, whose parents originated from the United Kingdom, were chosen from two expatriate schools in Hong Kong [26] . Lateral cephalometric radiographs were taken as part of a comprehensive oral/dental/ facial examination. The lateral cephalograms used in this study were selected according to the following criteria: 1, children aged 12.0 -13.0 years; 2, who had not received or were not receiving ongoing orthodontic treatment; and 3, the upper airway structures were clear and no swallow action was detected in the cephalograms. After exclusions, (Table 1) .
Ethics issue
The present study was approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (IRB Reference Number: UW 12-405).
Radiographic technique
One X-ray machine (GE1000, General Electric, Milwaukee, Wits) was used to obtain all lateral cephalograms. The magnification was 8.8% for the midsaggital structures. The lateral cephalograms were obtained during a natural head posture, in which the subjects looked at the reflection of their eyes in a mirror placed 200 cm in front of them after first tilting their head forward and backward with decreasing amplitude until a comfortable position of natural balance was found [25] .
Cephalometric analysis
The sample of Chinese children was used to establish cephalometric norms for the upper airway of Chinese boys and girls, respectively. The sample of Caucasian children was used for an ethnic comparison. Published data on the upper airway norms of Chinese adults were used for an age comparison [24] . The demography of all samples is presented in Table 1 . The landmarks and reference lines of the upper airway are shown in the Table 2 and Figure 1 . The variables for upper airway measurements included eight linear variables and one angular variable (three variables for the soft palate, four variables for the upper airway depth and two variables for the position of the hyoid bone), which were selected from a previous study on Chinese adults [24] . The analysis of the craniofacial morphology included six linear and eight angular conventional measurements (Table 3 and Figure 2 ) [11, 27] . The analysis was carried out using CASSOS software (Soft Enable Technology Limited, Hong Kong, China). All of the linear measurements were corrected according to the magnification.
Method error
One examiner (MG) carried out all of the measurements. During the pilot study, the measurements of 10 randomly selected cephalograms were calibrated by another examiner (YQY), and the method error was calculated by Dahlberg's formula [28] , ME ¼
q , which is the repeated measurements of 30 randomly selected cephalograms on separated occasions at a 2-week interval. Σd is the difference between two measurements of a pair, and n is the number of double measurements. The method errors for the linear and angular measurements were not statistically significant and did not exceed 1 mm and 1°, respectively.
Statistical analysis
The measurements of the upper airway are presented as the mean, median, standard deviation, range and 95% confidence interval. The Mann-Whitney U-test was used to calculate the gender, age and ethnic differences, and the levels of statistical significance were P < 0.05, P < 0.01, and P < 0.001. The association between the upper airway and the craniofacial structures was analyzed using Spearman rank correlation, and the statistical significance was set at levels of P < 0.05 and P < 0.01. Statistical analyses were performed using SPSS software (IBM SPSS Statistics 20, IBM Corp.).
Results
Gender differences
In Chinese children, boys had smaller values than girls for almost all of the variables, except for the soft palate thickness ( Table 4 ). The gender differences were statistically significant for soft palate thickness (P = 0.008), the depth of the retropalatal (P = 0.011) and retroglossal (P = 0.034) pharynx, and for the depth of the hypopharynx (P < 0.001). No significant gender difference was observed in the Caucasian sample (Table 5 ).
Age differences
Chinese adults had statistically significant larger values than Chinese children in both genders for all of the variables except for the inclination of the soft palate in males, and the differences were larger in males (Table 6 ).
Ethnic differences
The 12-year-old Chinese children had larger values for all variables (Table 7) . In males, the statistically significant differences were found in the shortest distance of the oropharynx (P = 0.019), and the position of the hyoid bone in the vertical and horizontal planes (P = 0.014 and P = 0.001); and in females, statistically significant differences were found in the depth of the retroglossal pharynx (P = 0.005) and that of the hypopharynx (P = 0.01).
Correlations between the upper airway and other craniofacial structures
The correlations between the upper airway and craniofacial structures were weak, and no correlation coefficient exceeded 0.5. In Chinese children, the variables of the body length of the mandible and the craniocervical inclination were significantly associated with most of the upper airway variables. The vertical and horizontal position of the hyoid bone was significantly associated with anterior and posterior facial height (Table 8 ). The results for The distance between Go'-Me the Caucasian children were generally similar to those of the Chinese children (Table 9 ).
Discussion
The rationale for the selection of the upper airway variables
In a lateral cephalogram, the observable SDB-related upper airway structures include: the pharynx, the adenoid, the soft palate, the tonsil, the tongue, and the hyoid bone. The pharynx can be divided anatomically into three parts: the nasopharyx, the oropharynx, and the hypopharynx. The oropharynx can be subdivided into the retropalatal and retroglossal pharynxes [29] . In the present study, we therefore selected four variables to represent four parts of the pharynx. The pharyngeal lymphoid tissues, such as the adenoid and tonsils, were not measured because they begin to atrophy from their maximal size during the pre-pubertal years [30] . No tongue measurement was adopted in the present study because the tongue contour was not clear in the cephalograms without barium sulfate paste [31] .
The influence of gender on the dimensions of upper airway
In the present study it was found that Chinese boys had a thicker soft palate and less depth in the retropalatal, retroglossal and hypopharyngeal regions of the upper airway. It has suggested that these characteristics were related to pediatric SDB [8, 10] , which may explain why Hong Kong boys had a higher prevalence of OSAS than Hong Kong girls (5.8% versus 3.8%) [32] . In the present there was no difference in the upper airway dimensions of Caucasian boys and girls. Interestingly, no gender difference has been reported in the prevalence of OSAS in Caucasian children by most of studies [5] . Therefore, the upper airway dimensions may be a crucial risk factor of pediatric SDB. However, this seems not to be valid in adults, because men generally have a larger size of pharyngeal lumen than women, but have a higher prevalence of SDB; Subsequently, other factors such as differences in hormones, chemosensitivity and tissue properties may be more important in adult SDB than airway dimensions [29] .
The influence of age on the dimensions of the upper airway
In the present study, the 12-year-old Chinese children, especially the boys, were found to have much growth potential in all of the upper airway structures from childhood to adulthood. The soft palate tended to increase in length, thickness, and inclination, the depth of the pharynx increased at all of the levels, and the hyoid bone moved anteriorly and inferiorly. Chinese boys had more prominent upper airway changes than Chinese girls. In 12-year-olds, Chinese boys had less depth of the pharynx, but they had a larger pharynx in adulthood, showing that Chinese boys have a later spurt in growth compared with Chinese girls. This phenomenon is corresponding to the sexual dimorphism in craniofacial growth [33] . The similar finding was also reported by other lateral cephalometric analysis or 3-dimentional CT research [34, 35] . In addition, Taylor et al. [36] reported that the growth of the oropharynx has two periods of accelerated change (6-9 years and 12-15 years) and two periods of quiescence (9-12 years and 15-18 years) for the growth of oropharynx, but Mislik et al. [37] found there was no radical change in the retropalatal and retroglossal oropharynx from 6 to 17 years of age, and considered that the upper airway dimensions were formed and matured during the early periods of growth. Because the chronological regularity of growth of Chinese children is still unclear, we consider that the norms obtained from 12-year-old Chinese children are only relevant to the age around 12-year-old. Wu et al. [38] used the same sample of 12-year-old Chinese children data to get the Chinese norms of McNamara's analysis and suggested that the norms were suitable for around 10-14 years age.
Whether the age range of 10-14 years old is also suitable for upper airway needs further investigation.
The influence of ethnicity on the dimensions of the upper airway
The prevalence of SDB has been reported to show ethnic/ racial differences. African-Americans were considered to have a higher incidence of OSAS than Caucasians [39] , and Indians were reported to have a greater risk of SDB than Chinese [40] . No published research has compared the prevalence of pediatric SDB between Chinese and Caucasian children. The present study found the ethnic differences in the upper airways in 12-year-old Caucasian and Chinese children. Both genders of Chinese children had a larger depth of retroglossal oropharynx than their Caucasian counterparts, and Chinese boys had a more anterior and inferior position of the hyoid bone. It is impossible to predict the difference in the risk of SDB between Chinese or Caucasian children based on these findings, because the larger size of pharynx is considered an advantage for airway patency but the anterior and inferior position of the hyoid bone is a disadvantage [17] .
The associations between the upper airway and other craniofacial structures
The present study found that the associations between the craniofacial structures and the upper airway were generally weak, but the mandibular length and craniocervical inclination were found to have more prominent associations with most of the upper airway variables than the other craniofacial structures in both Chinese and Caucasian ethnicities. Ozdemir et al. [41] also reported the a positive association between mandibular body length (GnGo) and minimal posterior airway space (MPAS).
The finding seems to indicate that skeletal Class II malocclusion is a risk factor for pediatric SDB. The influence of craniocervical inclination on the dimensions of upper airway has been reported in a number of studies [42] [43] [44] . An increase in the craniocervical extension tends to increase the depth of the pharynx, and it was reported to be one of the craniofacial characteristics of children with SDB [19] . The limitations of the present study
Firstly, because the samples were not from a study that focused on the upper airway, no history-related investigation of the upper airway was made, such as diagnosis of SDB, snoring, enlarged tonsils, or history of adenotonsillectomy, etc. Secondly, the original lateral radiograph technique was not adopted especially for the upper airway, i.e., the radiographs were taken at the end of expiration, by holding the latter position and refraining from swallowing while the film was exposed [31] . These two factors had some influence on the dimensions of the upper airway, but as the present study was based on a large sample size, and we excluded the cephalograms in which a swallowing action was detected, the reference values derived in this study can represent the norms of children in this age group. Thirdly, transversal airway dimension could not be analyzed due to the limitation of two-dimensional lateral cephalometry. more anterior and inferior position of the hyoid bone than Caucasian boys. 3. Generally, the associations between the upper airway and craniofacial structures were weak, but the mandibular body length and the craniocervical inclination seemed to have a more prominent correlation with the upper airway than other craniofacial structures.
Conclusions
